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SYNOP SIS  
 
Stabilities of glycosidic bonds play a critical role in many biological recognition processes.  
Understanding the hydrolytic stabilities of glycosidic bonds occupy immense significance in 
carbohydrate chemistry.  Acid- and -enzyme-catalyzed hydrolyses of glycosidic bond have been 
investigated widely.  Among anomeric methyl glycosides, -D-glycopyranoside hydrolyzes 2-3 
times faster than the -D-glycopyranoside.  An explanation on rate difference was attributed to 
the steric factor involved in the transformation of -D glycosides in the chair conformation to a 
half-chair conformation of oxocarbenium ion.  Hydrolysis of glycosidic bonds was explained 
on the basis of stereoelectronic effects, namely, (i) antiperiplanar lone-pair hypothesis (ALPH) 
and (ii) synperiplanar lone-pair hypothesis (SLPH).  The -glycosides are hydrolyzed via chair 
conformation, where one of the lone-pairs of electron of ring oxygen is antiperiplanar to the 
leaving group, whereas -isomer is hydrolyzed through energetically accessible half-chair 
conformation towards attaining a boat conformation.  Differences in the reactivities of 
stereoisomeric glycosides were rationalized in terms of field effects and hyperconjugative 
effect.   
Among the cyclic oligosaccharides, cyclodextrins are prominent.  Cyclodextrins find 
wide application owing to their unique structural and physical properties.  Chemical synthesis 
of cyclodextrins was accomplished through two known procedures: (i) a cyclo-oligomerization 
of linear oligosaccharide precursors to afford the desired cyclic oligosaccharides and (ii) an 
one-pot polycondensation of designed monomer under appropriate reaction conditions.  One-
pot polycondensation has an advantage over stepwise cyclo-oligomerization protocol, due to 
easy access of monomer in case of former. Chapter 1 of the thesis describes (i) a literature 
survey of acid-catalyzed glycosidic bond hydrolyses of sugars and (ii) chemical synthesis of 
cyclic oligosaccharides.  
Hydrolyses of glycosidic bonds were conducted so far only with respect to endocyclic 
substituent, i.e. substitutions within the pyranose ring and on stereoisomeric glycosides.  The 
effect of exocyclic substituent on a glycosidic bond hydrolysis is unknown so far.  In a research 
programme, an investigation of the effect of exocyclic 4-deoxy-4-C-hydroxymethyl substituent 
on acid-catalyzed hydrolysis of glycosidic bond was undertaken.  Glycosidic bond expanded 
disaccharides (Figure 1) might be considered analogues to naturally-occurring disaccharides, in 
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which case, it was of interest to identify whether the glycosidic bond stability would match that 
of normal disaccharides.   
 
 
 
 
Figure 1. Molecular structures of glycosidic bond expanded disaccharide analogues. 
Synthesis of 4-C-hydroxymethyl expanded disaccharides 1-3 was accomplished through 
a glycosylation of a glycosyl donor with 4-C-hydroxymethyl -D-glucopyranoside acceptor 
(10), as shown in Schemes 1 and 2.   
Scheme 1 
 
 
 
 
 
 
 
 
 
 
1H NMR spectroscopy was used to evaluate the kinetics of acid-catalyzed hydrolysis.  
Hydrolysis of 1-3, 11 (cellobiose), 12 (lactose) 13 (maltose) and 14 (-methyl glucoside), 15 
(-methyl galactoside) and 16 (-methyl glucoside) were performed with DCl in D2O (2 N), at 
60  oC and 70 oC. 
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From analysis of 1H NMR spectra, formation of products was plotted as a function of 
time and fitted to an exponential decay curve.  The observed first order rate constants derived 
upon are summarized in Table 1.  
 
Table 1. First order rate constants for the acid catalyzed hydrolysis of glycosidic bond in 1-3 
and 11-16 
a (×105 s-1) 
The studies showed that the disaccharide analogues were stable, by more than an order 
of magnitude, than naturally-occurring disaccharides, such as, cellobiose, lactose and maltose.  
The first order rate constants were lower than that of methyl glycosides and the trend of 
hydrolysis rate constants followed that of naturally-occurring disaccharides.  From the study, it 
could be conclude that the hydrolytically stable glycosidic bond expanded disaccharides could 
be derived that are retained O-glycosidic bond. Such O-linked disaccharides are unknown so far 
in the literature.  Synthesis and acid-catalyzed glycosidic bond hydrolytic stability studies of 
glycosidic bond expanded disaccharides is presented in Chapter 2. 
Having established a new monosaccharide derivative, namely, 4-deoxy-4-C-
hydroxymethyl glucopyranoside, a programme was undertaken to synthesize glycosidic bond 
expanded cyclic and linear oligosaccharides constituted by this modified monosaccharide.  
Synthesis of 4-deoxy-4-C-hydroxymethyl expanded disaccharide monomer 17 was 
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accomplished from 4-deoxy-4-C-hydroxymethyl glucopyranoside moiety through a 
glycosylation reaction and subsequent protection-deprotection protocols. 
 
Scheme 3 
 
 
 
 
 
 
 
 
 
 
 
 
The concentration of monomer 17 and choice of promoters are important in order to obtain 
desired oligosaccharides. Polycondensation reaction was conducted at two different monomer 
concentrations, 3 mM and 20 mM, using two thiophilic promotors, namely: (i) NIS/AgOTf and 
(ii) NIS/TMSOTf (Scheme 3).  It was observed that both the reaction conditions led to the 
formation of glycosidic bond expanded cyclic disaccharide (18) and cyclic terasaccharide (19). 
Synthesis and characterization of glycosidic bond expanded disaccharide monomer 17 and one-
pot polycondensation, which afforded cylic disaccharide 18 and cyclic tetrasaccharide 19, are 
discussed in Chapter 3. 
Oxyglycals, namely, 2-hydroxy glycals, are unsaturated sugars.  The importance of 
oxyglycals was illustrated in many synthetic manipulations.  Synthesis of 2-deoxy-2-C-
branched sugars relied primarily on either glycals or cyclopropanated adducts of glycals or 
Wittig homologation of 2-keto glycosides.  It was envisaged that oxyglycals, would be a 
suitable precursor for synthesis of 2-deoxy-2-C-alkyl glycals would form a new route to prepare 
2-deoxy-2-C-branched sugars. The new synthetic protocol is shown in Scheme 4.  Thus, the 
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allylation of oxyglycal (20) led to the formation of a mixture of C-allylated (21) and O-allylated 
(22) products; a Wittig methylenation of keto functionalities in 21 afforded C-2 methylene C-
glycosides 23 and 24. Cope rearrangement of -C-alkyl glycoside 23 afforded 2-deoxy-2-(but-
1-enyl) glycal.  Whereas a similar thermal rearrangement was not successful for -anomer 24.  
 
Scheme 4 
 
 
 
 
 
 
 
 
Scheme 5 
 
 
 
 
 
 
 
 
Hydroboration-oxidation of 23, followed by acetate protection of terminal hydroxyl 
group afforded 26, which formed as a precursor for further synthetic manipulations.  
Haloglycosylation of 26, using N-iodosuccinimide, in the presence various acceptor alcohols 
and sugar alcohols led to the formation of 2-iodo-2-C-alkyl glycosides, in a highly 
stereoselective manner (Scheme 5). An intramolecular reaction of 25 afforded oxepine 31, with 
exclusive -anomeric configuration.  Subsequently, deiodination reaction of few glycosides (31 
and 33) led to the formation of 2-C-branched 2-deoxy glycosides.  Chapter 4 presents details of 
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the synthetic method to prepare 2-deoxy-2-C-alkyl glycals and 2-deoxy-2-C-alkyl glycosides 
form oxyglycal precursor. 
In summary, the Thesis established three major investigations: (i) the synthesis and 
studies of glycosidic bond stabilities of 4-deoxy-4-C-hydroxymethyl expanded disaccharide 
analogues; (ii) chemical synthesis of a new type of glycosidic bond expanded cyclic di- and 
terasaccharides through one-pot polycondensation of 4-deoxy-4-C-hydroxymethyl expanded 
disaccharide monomer and (iii) a new route to synthesize 2-deoxy-2-C-alkyl glycal from 2-
hydroxy glycal ester. By using 2-deoxy-2-C-alkyl glycal derivative as a glycosyl donor, a series 
of 2-deoxy-2-C-alkyl glycosides were prepared through N-iodosuccinimide mediated 
haloglycosylation and a subsequent dehalogenation to 2-deoxy-2-C-alkyl glycosides. Overall, 
the studies presented in the Thesis provide a new insight to C-4 glycosidic bond expanded 
sugars and C-2 branched sugars. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
